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Abstract: 
 
Background: The Sungbo Eredo Monument is an ancient public work with a system of defensive walls and ditches 
located in Eredo Local Council Development Area of Epe, Lagos State, southwest Nigeria. A huge section of the 
monument cuts through the Augustine University campus, forming two-sided vertical walls with a deep ridge in-
between. The objective of this investigative study is to determine the microbial profile of soil samples from the 
monument in the University campus.                       
Methodology: Soil samples were collected from the topsoil at a depth of 7.5cm from four randomly selected points 
along the edge of the monument. The samples were transported to the microbiology laboratory of the Department 
of Biological Sciences of Augustine University for analysis. Samples were cultured on Nutrient agar (NA) and 
incubated aerobically for 24-48 hours for bacteria isolation and on Sabouraud’s Dextrose agar (SDA) for 72 hours 
for fungi isolation. Bacterial colonies on NA were preliminarily identified to genus level by Gram reaction and 
conventional biochemical test scheme for Gram-positive (catalase, coagulase, starch hydrolysis) and Gram-negative 
isolates (oxidase, urease test, indole, methyl red, Voges Proskauer and sugar fermentation tests). Fungi colonies on 
SDA were identified using conventional macroscopic and microscopic characteristics. Antibiotic susceptibility test of 
the bacterial isolates to selected antibiotics was done using the Kirby Bauer disc diffusion method.   
Results: A total of twenty-three bacterial isolates in four genera; Bacillus, Staphylococcus, Cellobiococcus and 
Micrococcus and nine fungal isolates in three genera; Saccharomyces, Aspergillus and Botrytis were identified from 
the cultures. The bacterial isolates were sensitive (>50% sensitivity) to only gentamicin and ofloxacin, with 65.2% 
and 78.3% sensitivity rates respectively, while they were largely resistant to all other antibiotics such as 
ceftriaxone, erythromycin, cefuroxime, cloxacillin, ceftazidime and augmentin, with resistance rates of 65.2%, 
65.2%, 73.9%, 82.6%, 86.9%, 91.3% respectively.                        
Conclusion: The results of this investigative study revealed the presence of antibiotic-resistant bacteria (mainly 
Gram-positive) and fungi on the archaeological monument of Augustine University, adding to the existing data on 
microbial spectrum of archaeological monuments that could be useful for unraveling human cultural habits and 
microbe-related human diseases. However, further studies on molecular identification of these microbial spectrum 
will be required to ascertain their genetic relatedness and ancestral phylogeny, which will be useful for 
archaeologists in their study of the Sungbo-Eredo ancestral monument. 
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Abstrait: 
Contexte: Le monument Sungbo Eredo est un ancien ouvrage public doté d'un système de murs défensifs et de 
fossés situé dans la zone de développement du conseil local d'Eredo à Epe, dans l'État de Lagos, au sud-ouest du 
Nigéria. Une énorme section du monument traverse le campus de l'Université Augustine, formant des murs 
verticaux à deux côtés avec une crête profonde entre les deux. L'objectif de cette étude d'investigation est de 
déterminer le profil microbien d'échantillons de sol provenant du monument du campus universitaire.                    
Méthodologie: Des échantillons de sol ont été prélevés dans la couche arable à une profondeur de 7,5 cm à partir 
de quatre points choisis au hasard le long du bord du monument. Les échantillons ont été transportés au laboratoire 
de microbiologie du Département des sciences biologiques de l'Université Augustine pour analyse. Les échantillons 
ont été cultivés sur gélose nutritive (NA) et incubés en aérobie pendant 24 à 48 heures pour l'isolement des 
bactéries et sur gélose au dextrose de Sabouraud’s (SDA) pendant 72 heures pour l'isolement des champignons. 
Les colonies bactériennes sur NA ont été préalablement identifiées au niveau du genre par réaction de Gram et 
schéma de test biochimique conventionnel pour les isolats Gram-positif (catalase, coagulase, hydrolyse de l'amidon) 
et Gram-négatif (oxydase, test à l'uréase, indole, rouge de méthyle, Voges Proskauer et sucre essais de 
fermentation). Les colonies de champignons sur SDA ont été identifiées en utilisant des caractéristiques 
macroscopiques et microscopiques conventionnelles. Le test de sensibilité aux antibiotiques des isolats bactériens à 
des antibiotiques sélectionnés a été effectué en utilisant la méthode de diffusion sur disque de Kirby Bauer. 
Résultats: Un total de vingt-trois isolats bactériens dans quatre genres; Bacillus, Staphylococcus, Cellobiococcus et 
Micrococcus et neuf isolats fongiques de trois genres; Saccharomyces, Aspergillus et Botrytis ont été identifiés à 
partir des cultures. Les isolats bactériens étaient sensibles (sensibilité >50%) uniquement à la gentamicine et à 
l'ofloxacine, avec des taux de sensibilité de 65,2 % et 78,3 % respectivement, alors qu'ils étaient largement 
résistants à tous les autres antibiotiques comme la ceftriaxone, l'érythromycine, la céfuroxime, la cloxacilline, la 
ceftazidime et l'augmentine avec des taux de résistance de 65,2%, 65,2%, 73,9%, 82,6%, 86,9%, 91,3% 
respectivement.                              
Conclusion: Les résultats de cette étude d'investigation ont révélé la présence de bactéries résistantes aux 
antibiotiques (principalement à Gram positif) et de champignons sur le monument archéologique de l'Université 
Augustine, ajoutant aux données existantes sur le spectre microbien des monuments archéologiques qui pourraient 
être utiles pour démêler l'homme. les habitudes culturelles et les maladies humaines liées aux microbes. 
Cependant, d'autres études sur l'identification moléculaire de ces spectres microbiens seront nécessaires pour 
déterminer leur parenté génétique et leur phylogénie ancestrale, ce qui sera utile aux archéologues dans leur étude 
du monument ancestral Sungbo-Eredo. 
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Introduction:  
 The soil harbors many forms of micro- 
organisms, majorly bacteria and fungi (1). The 
soil microbial community shows multiple levels 
of biological organization which encourages 
genetic variability as well as evenness among 
communities (2). The Sungbo Eredo Monument 
is a system of defensive walls and ditches built 
in honour of the Ijebu noblewoman, Oloye 
Bilikisu Sungbo in 800-1000 AD. The Sungbo 
Eredo is the outer enclosure of Ijebuland in 
southwestern Nigeria, approximately 180 km in 
length, forming a large feature that shows how 
involved the socio-political system was long 
before the opening of the Atlantic trade (3). It 
is a system of ditch and bank that surrounds 
the whole of Ijebu kingdom (4), and indeed the 
most significant earthwork of the ancient ram- 
parts, boundary embankments and ditches that 
stretched across Nigeria (5).   
  Analyses of samples at various archae- 
ological sites have witnessed new direction of 
analysis that has led to drastic changes in the 
formulation of theories. There are adequate 
records of such observations obtained from the 
analysis of samples from excavations and other 
archaeological sites from different parts of the 
world (4,6). Garg and Shukla (7) reported that 
efforts should be concentrated on performing 
microbiological analysis of rare archaeological 
samples and rationalizing the need for such 
integration towards better scientific and comp- 
rehensive approach. It has been reported that 
on the time scales of human history and 
archaeology, microbiological data can contri- 
bute to unraveling human cultural habits, 
microbe-related human diseases and altera- 
tions in cultural artifacts due to biochemical 
reactions (8).     
 Studies of microbial biogeography have 
focused on the microbial communities across 
spatial distance, and other than revealing a 
causal relationship between microbes and their 
environments, provides insights into possible 
environmental drivers of change in microbial 
communities (9). The objective of this inves- 
tigative study is to determine the microbial 
profile of soil samples from the monument in 
the University campus. 




Materials and method:  
Sample collection    
  Soil samples were collected from four 
randomly selected points (A, B, C, D) along the 
edge of the monument. They were obtained 
from topsoil at a depth of 7.5 cm with a sterile 
spatula into sterile Bijou bottles according to 
the method described by Ogunmwonyi et al., 
(10). The bottles were placed in a beaker and 
transported back to the microbiology research 
laboratory of the Department of Biological 
Sciences, Augustine University, Ilara Epe, 
Lagos State, Nigeria for microbial analysis. 
Determination of pH of soil sample  
  The pH of the soil samples was deter- 
mined according to the method described by 
Ogunmwonyi et al., (10) using a pH meter 
(Jenway Model 3505, UK). The soil samples 
were mixed with distilled water in the ratio of 
1:2 after which it was stirred for 30 minutes, 
and allowed to settle before the pH meter 
probe was inserted into the mixture. 
Inoculation of cultures  
 A 10-fold serial dilution of the soil sam- 
ples was done and the diluted samples were 
plated on Nutrient agar (Biolab, UK) for 
bacteria and Saboraoud Dextrose agar (SDA) 
for fungi using the pour plate method. NA 
plates were incubated at 37oC aerobically for 
24-48 hours while SDA plates were incubated 
at 25oC and 37oC for 72 hours. 
 
Bacterial identification   
 Colonies of bacteria on the NA plates 
were identified to genus level using cultural 
morphology (surface appearance, size, shape, 
pigmentation) (11), Gram staining reaction, 
and conventional biochemical test scheme for 
Gram positive (catalase, coagulase, starch hyd- 
rolysis) and Gram-negative bacteria (urease, 
methyl red, Voges Proskauer, and sugar ferm- 
entation tests) as previously described by Ajayi 
et al., (12). 
 
Fungal identification  
 The identification of the fungal isolates 
was based on a combination of morphological 
and cultural characteristics with special refe- 
rence to the sporulation of the fungal isolates. 
Macroscopic examination was done by direct 
observation of the SDA plates and wet mount 
microscopy of fungal cultures. Physical appea- 
rance such as the colony colour, shape and 
texture (moist mycelia) were examined first as 
well as abundance of growth. This was carried 
out using the techniques contained in the illus- 
trated handbook of fungi (13,14). A wet mount 
of each fungus was prepared by suspending a 
loopful of the fungal culture in a few drops of 
lacto-phenol cotton blue solution on a micro- 
scope slide, which was then covered with a slip 
and examined under the light microscope with 
40x magnification lens.   
 
Antibiotic susceptibility test of bacterial isolates
 Antibiotic susceptibility of each isolated 
bacteria was determined using the Kirby-Bauer 
disk diffusion method to selected antibiotics on 
Mueller-Hinton (MH) agar plates. Antibiotics 
disks (Rapid Labs CM-12-8PR100, UK) used 
were; ceftazidime (30µg), cefuroxime (30µg), 
gentamicin (10µg), ceftriaxone (30µg), eryth- 
romycin (5µg), cloxacillin (5µg), ofloxacin (5 
µg), and augmentin (30µg).  
 Inoculum of each isolate was first pre- 
pared in 0.9% saline and standardized by com- 
paring with 0.5 MacFarland turbidity standard. 
Sterile MH agar plate was inoculated with the 
standardized inoculum using sterile cotton 
swab, and antibiotic disks were placed on the 
plate, which was then incubated aerobically at 
37oC for 24 hours. The diameter of zones of 
growth inhibition around each disc was mea- 
sured and the result was interpreted as sensi- 
tive, intermediate or resistant using the Clinical 
and Laboratory Standards Institute (CLSI) gui- 
deline (15). 
Results: 
 The pH of the soil samples from the four 
sites in Sungbo Eredo Monument on Augustine 
University are; pH 5.9 (A), pH 6.3 (B), pH 6.0 
(C), and pH 6.3 (D). The bacterial and fungal 
isolates from soil samples obtained from the 
monument are shown in Tables 1, 2 and 3. A 
total of twenty-three bacterial isolates in four 
genera; Bacillus, Staphylococcus, Cellobiococ- 
cus and Micrococcus and nine fungal isolates in 
three genera; Saccharomyces, Aspergillus and 
Botrytis were isolated from the monument. 
 The results of the antibiotic susceptibility 
test showed that the bacterial isolates were 
sensitive (>50% sensitivity) to only gentamicin 
and ofloxacin, with 65.2% and 78.3% sensiti- 
vity rates respectively, while they were largely 
resistant to all other antibiotics such as ceftria- 
xone, erythromycin, cefuroxime, cloxacillin, cef- 
tazidime and augmentin, with resistance rates 
of 65.2%, 65.2%, 73.9%, 82.6%, 86.9%, and 
91.3% respectively (Table 4). 
 




Table 1: Colonial and morphological characteristics of bacterial isolates from archaeological monument at Augustine 








Cell shape Cell arrangement 
1 A1 Creamy Shiny + Cocci Clustered 
2 A2 Milky Shiny + Rods Pairs 
3 A3 Milky Shiny + Rods Chains 
4 A4 Creamy Shiny + Rods Chains 
5 A5 Milky Shiny + Cocci Chains 
6 A6 Milky Shiny + Rods Chains 
7 A7 Milky Moist + Cocci Chains 
8 A8 Milky Slimy + Rods Chains 
9 A9 Milky Viscous + Rods Chains 
10 B10 Milky Viscous + Rods Pairs 
11 B11 Milky Viscous + Rods Chains 
12 B12 Milky Slimy + Rods Slimy 
13 B13 Milky Slimy + Cocci Pairs 
14 B14 White Viscous + Rods Clustered 
15 B15 White Shiny + Rods Chains 
16 B16 Milky Moist + Rods Chains 
17 B17 Milky Shiny + Rods Pairs 
18 B18 Creamy Moist + Rods Clustered 
19 C19 Milky Viscous + Rods Chains 
20 C20 Milky Moist + Rods Clustered 
21 C21 Yellow Shiny + Cocci Chains 
22 C22 Orange Shiny + Rods Chains 




























1 A1 + - + - - - - - Micrococcus sp 
2 A2 + - + - - - AG AG Bacillus sp 
3 A3 + - + - - - - - Bacillus sp 
4 A4 + - - - - - - A Bacillus sp 
5 A5 + - + - - - AG - Cellobiococcus sp 
6 A6 - - + + - - - - Bacillus sp 
7 A7 + + + + - - A A Staphylococcus sp 
8 A8 - - + - - - A A Bacillus sp 
9 A9 + - + + - - - AG Bacillus sp 
10 B10 + - + + - - - A Bacillus sp 
11 B11 - - + + - - - A Bacillus sp 
12 B12 + - + + - - A AG Bacillus sp 
13 B13 + - + - - - A A Cellobiococcus sp 
14 B14 - - + - - - A AG Bacillus sp 
15 B15 - - + - - - A A Bacillus sp 
16 B16 - - + + - - - - Bacillus sp 
17 B17 - - + + - - AG AG Bacillus sp 
18 B18 + - + - - - - - Bacillus sp 
19 C19 - - + - - - A A Bacillus sp 
20 C20 + - + - - - - A Bacillus sp 
21 C21 + - + - - - - - Cellobiococcus sp 
22 C22 + - + + - - - A Bacillus sp 














Table 3: Morphological and microscopic characteristics of fungal isolates from archaeological monument at Augustine University, 




Morphological Characteristics Microscopic Characteristics Isolate Identity 
1 AF1 Dark Green Spores Possession of colourless hyphae, septate and 
branched 
Aspergillus sp 
2 AF2 Green Spores with white edges Possession of colourless hyphae, septate and 
branched 
Aspergillus sp 
3 AF3 White Spores, Coenocytic, unicellular, non-septate Botrytis sp 
4 CF1 Yellow Growth, Growth on vitamin free 
medium and YEPG Plates (1% yeast 
extract, 2% glucose, 1% peptone, 
1·5% agar) 
Unicellular fungus Saccharomyces sp 
5 CF2 Yellow Growth, growth on vitamin free 
medium and YEPG Plates (1% yeast 
extract, 2% glucose, 1% peptone, 
1·5% agar) 
Unicellular fungus Saccharomyces sp 
6 CF3 Dark Green Spores Possession of colourless hyphae, septate and 
branched 
Aspergillus sp 
7 CF4 Dark-Green Spores Possession of colourless hyphae, septate and 
branched 
Aspergillus sp 
8 CF5 White filamentous fungi. Tips turned 
yellow over time 
Septate, filamentous, possession of loose 
grey material on mycelium surface 
Botrytis sp 
9 DF1 White Spores Septate, filamentous, possession of loose 




Table 4: Antibiotic susceptibility of isolated bacteria from archaeological monument at Augustine University, Ilara Epe, southwest 
Nigeria to selected antibiotics  
 
Antibiotics Number of 
isolates tested 
Number of sensitive 
isolates (%) 
Number of intermediate 
isolates (%) 
Number of resistant 
isolates (%) 
Ceftriaxone (CTR) 23 7 (30.4) 1 (4.4) 15 (65.2) 
Erythromycin (ERY) 23 6 (26.1) 2 (8.7) 15 (65.2) 
Cloxacillin (CXC) 23 4 (17.4) 0 19 (82.6) 
Ofloxacin (OFL) 23 18 (78.3) 4 (17.4) 1 (4.4) 
Augmentin (AUG) 23 2 (8.7) 0 21 (91.3) 
Ceftazidime (CAZ) 23 3 (13.0) 0 20 (86.9) 
Cefuroxime (CFX) 23 4 (17.4) 2 (8.7) 17 (73.9) 
Gentamicin (GEN) 23 15 (65.2) 3 (13.0) 5 (21.7) 
 
Discussion: 
 The results of this investigative study 
of the microbiological profile of soil samples 
from Sungbo Eredo Monument on Augustine 
University, Ilara Epe campus, Lagos, Nigeria 
revealed a total of twenty-three bacterial 
isolates belonging to genera Bacillus, Staphylo- 
coccus, Cellobiococcus and Micrococcus and 
nine fungal isolates belonging to the genera 
Saccharomyces, Aspergillus and Botrytis. Realini 
et al., (16) also reported a variety of organisms 
including bacteria and fungi in the degradation 
of monuments, Bhatnagar et al., (17) reported 
Bacillus sp., Staphylococcus sp., and Micrococ- 
cus sp., as part of the bacteria found in monu- 
ments and objects of archaeological impor- 
tance, and Omar et al., (18) reported that 
microbial swabs taken from infected artefacts 
from museum objects and rock monuments 
had microorganisms of the genera Aspergillus, 
Penicillium, Acremonium, Rhizopus, Clados- 
porium, Torula and Alternaria with the genus 
Aspergillus being the dominant genus (49.6% 
of the total fungal isolates) followed by 
Penicillium and Acremonium.   
 The soil is known to harbor enormous 
diversity of microorganisms among which are 
bacteria and fungi that may play pivotal roles 
for ecosystem functioning such as regulating 
organic matter decomposition, soil dynamics, 
and mediating nutrient cycling (2). A large per- 
centage of the world’s stone cultural heritage 
monuments have suffered severe and irrever- 
sible degradation and deterioration from micro- 
organisms. This damage and deterioration not 
only cause loss of aesthetic values but presents 
challenges to researchers exploring the evolu- 
tion of ancient civilizations (19).  
 There have been reports of archaeo- 
logical observations and analysis of samples 
from excavations on the Sungbo Eredo monu- 
ment. However, our study is the first to report 
bacterial and fungal isolates from the Sungbo 
Eredo monument, which agrees with the 
submission of previous researchers on the use 
of microbiology as a tool for providing informa- 
tion and valuable data for past events. There 
are ample records of such observations from 
analysis of samples from excavations and other 
archaeological sites from different parts of the 
world. Garg and Shukla (7) reported that the 




use of microbiology as a tool outside biological 
fields provides valuable data to complement 
and upgrade knowledge about past events. For 
example, on a geological scale, microbiological 
data can contribute to the understanding and 
reconstruction of past climatological, environ- 
mental, and sedimentary conditions. Moreover, 
on the time scales of human history and arch- 
aeology, microbiological data can contribute to 
unraveling human cultural habits, microbe-
related human diseases, and alterations in cul- 
tural artefacts due to biochemical reactions (9).
 The results of the antimicrobial susce- 
ptibility test showed that ofloxacin and genta- 
micin were the two antibiotics the bacterial 
isolates in our study were susceptible to, with 
78.3% and 65.2% sensitivity rates respecti- 
vely, while they were largely resistant to the 
other antibiotics. This finding is similar to the 
study of Owolabi and Hekeu (20) who reported 
high resistance of three bacteria isolates 
recovered from polluted soils in Lagos and Ota, 
Nigeria to amoxicillin, augmentin, cefuroxime, 
erythromycin and cloxacillin, with sensitivity to 
only ofloxacin and ceftazidime. This implies 
that soil samples from the monument and 
polluted soils may serve as reservoir of 
antimicrobial resistant (AMR) organisms, that 
have the potential of being transmitted to 
humans and animals through contamination of 
water sources or animal feeds.    
 The pH of the soil samples collected 
from different spots on the monument showed 
values ranging from 5.9 to 6.3. These values 
are indicative of an acidic soil. Li et al., (19) 
reported soil pH as the key predictor of soil 
bacterial community composition and diversity. 
Neina (21) reported that soil pH is the “master 
soil variable” that influences myriads of soil 
biological, chemical, and physical properties 
and processes that affect plant growth and 
biomass yield. At very acidic or alkaline levels, 
organic matter mineralization is reduced sev- 
erely or stopped due to poor microbial activity. 
Acidic soil had been identified to support the 
growth of bacteria poorly while favouring the 
growth of fungi. Beneficial soil microbes prefer 
a near neutral pH range of 6 - 7 (10). Cho et 
al., (22) however reported that results and 
indices regarding diversity, richness, and even- 
ness examined in their study indicated that pH 
alone might not play the main role for bacterial 
diversity in soil. 
Conclusion: 
 
 The results of our investigative study 
revealed the presence of antibiotic-resistant 
bacteria (mainly Gram-positive) and fungi on 
the soil samples of Sungbo Eredo archaeo- 
logical monument, adding to the existing data 
on microbial spectrum of archaeological monu- 
ments that could be useful for unraveling 
human cultural habits and microbe-related 
human diseases. Microbial communities inhabi- 
ting the monument will definitely have signifi-
cant influences on the terrestrial ecosystem 
dynamics. However, further studies on mole- 
cular identification of these microbial spectrum 
will be required to ascertain their genetic 
relatedness and ancestral phylogeny, which will 
be useful for archaeologists in their study of 
the Sungbo-Eredo ancestral monument. 
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